(acid maltase (AM)) exists in type 2 glycogenosis (Hers, 1963 ). An increasing body of evidence indicates that the enzyme defect can be associated not only with a fatal disease of infants but also with a syndrome of progressive muscular weakness in children (Hers and van Hoof, 1968) or adults (Engel and Dale, 1968; Hudgson, Gardner-Medwin, Worsfold, Pennington, and Walton, 1968; Engel, 1970) . Because the disease appears to be more prevalent than previously recognized and because affected adults are able to reproduce, detection of carriers is important. Detection of heterozygotes in families of affected infants, utilizing unseparated leucocytes, is not consistently reliable (Nitowsky and Grunfeld, 1967) . Studies on phytohaemagglutininstimulated lymphocytes may prove to be more useful (Hirschhom, Nadler, Waithe, Brown, and Hirschhorn, 1969 ) but the procedure is relatively difficult and requires a tissue culture technique. Low AM levels in muscle had been previously observed in parents of one infant with type 2 glycogenosis (Hug, Garancis, Schubert, and Kaplan, 1966) . That a decrease, to below normal, of muscle AM activity also can occur in other neuromuscular diseases was suggested by a recent report of such a decrease in a case of myxoedema myopathy (Hurwitz, McCormick, and Allen, 1970) . The present report compares muscle AM levels in parents of an infant, a child, and an adult who have AM deficiency with those found in non-weak control subjects and in controls suffering from various neuromuscular diseases.
METHODS
Biopsy specimens were obtained from limb muscles of seven patients with type 2 glycogenosis (two infants, one child, and four adults), from limb muscles of six heterozygotes (both parents of one of the infants, the child, and one of the adults), from limb, pectoral, or abdominal muscles of 18 patients undergoing surgical procedures but not having muscular weakness, and from limb or pectoral muscles of 31 patients affected by various neuromuscular disorders (listed in legend to Fig. 1 ). Biopsy specimens were frozen immediately at -150°C and then stored under liquid nitrogen. Frozen tissues were pulverized under liquid nitrogen and homogenized with 9 vol. ice-cold distilled water.
AM activity was measured by both methods described by Hers and van Hoof (1966) . In the first procedure, maltose hydrolysis was determined in a reaction system containing pH 4 acetate buffer (33 mM), maltose (5 mM), and muscle (3-3 %). In additional assays, described below, higher substrate concentrations were used. Incubation was for four hours at 37°C, and the reaction was stopped by the addition of equimolar amounts of barium hydroxide and zinc sulphate. The reaction product, glucose, was assayed with hexokinase and ATP in the presence of glucose-6-phosphate dehydrogenase and NADP (Slein, 801 1965) . Enzyme activity was expressed as nanomoles of maltose hydrolysed per minute per gram of muscle. In the second procedure, transglucosylation from labelled maltose into glycogen wasassayedbyadding0 1ml. of 5 % aqueous muscle homogenate to 0 25 ml. of a solution composed ofpH 4 acetate buffer (20 mM), glycogen(16%) and maltose-U-14C (0-08 mg/ml.). The final reaction system contained 0 55 ,c of radioactivity. Incubation was for four hours at 37°C, and the amount of 14C incorporated into glycogen was determined on five-times precipitated glycogen by scintillation counting. The reaction blank contained no muscle homogenate.
RESULTS
With either the maltose hydrolysis assay in the presence of 5 mM substrate (Table 1 and Fig. 1 ) or the transglucosylase assay (Table 2) , the mean AM level in parents of AM-deficient patients was less than half of the mean AM level in non-weak and in neuromuscular disease controls (differences significant, P < 0-001). None of the heterozygotes had muscular weakness or increased serum creatine phosphokinase or glutamic-oxaloacetic transaminase levels. Their muscle biopsies were normal on light microscopic evaluation of frozen and paraffin sections by a variety of techniques, and the muscle glycogen content, determined by the anthrone method, was normal (0-66 to 1-16%). Heterozygote and nonweak control AM levels did not overlap in either assay but, with the maltose hydrolysis assay, in four of 27 neuromuscular disease controls (one of two with myotonia congenita, two of two with myxoedema myopathy, and one of three with hyperkalaemic periodic paralysis), the AM activity (19, 22, 23, and 24 n-mole/min/g, respectively) was in the heterozygote range (Fig. 1) . The muscleglycogencontent in these four controls was in the normal range (0-8 to 1 1 %). Two of these four controls (case 3, myxoedema myopathy, and case 4, hyperkalaemic periodic paralysis) were also represented in the transglucosylase assay. Although with this assay the heterozygote and neuromuscular disease control AM levels did not overlap, a patient with myxoedema myopathy showed the lowest activity (287 counts/ min) among the neuromuscular disease controls.
Acid maltase levels in muscle in heterozygous acid maltase deficiency and in disease controls
Because purified AM preparations from rat liver (Jeffrey, Brown, and Brown, 1967; Auricchio, Bruni, and Sica, 1968) and from human kidney (Auricchio et al., 1968) were found recently to have Km values of 5 x 10-3M and 13-6 x 10-3M, respectively, with maltose as substrate, it seemed possible that the enzyme in muscle homogenates was suboptimally active at the 5 mM substrate concentration originally recommended by Hers (1963) . Maltose hydrolysis was therefore determined with increasing concentrations of maltose in three cases of AM deficiency in adults, in six heterozygotes and in two non-weak and two neuromuscular disease controls (Fig. 2) . A slight increase in detectable enzyme level occurred in two of three deficient subjects. In one of these two subjects and in all the other subjects, reaction velocities increased along the paths of rectangular hyperbolas; the Lineweaver-Burk plots of I/v against I/s provided Km values of 7-2 to 9-0 x 10-3M. The reaction velocities appeared to approach a plateau in the presence of 50 mM maltose. With still higher substrate concentration, traces of glucose in the maltose (one part in 500) resulted in relatively high reagent blanks, and substrate inhibition of maltose hydrolysis was encountered in some assays.
Results of all maltose hydrolysis assays in the presence of 50 mM maltose are shown in Table 3 kalaemic periodic paralysis) were again represented in this assay. The AM activity in the myxoedema myopathy case (50-4 n-mole/min/g), but in no other control, was in the heterozygote range.
DISCUSSION
The fact that muscle AM levels in the parents of the affected adult were as low as in the parents of the affected infant and the affected child indicates that the adult variety of the disease is also transmitted by recessive inheritance. Adult cases of AM deficiency therefore represent homozygotes rather than clinical manifestations in incompletely recessive heterozygotes, as previously suggested (Hudgson et al., 1968) . (Krause and Wollenberger, 1968) , muscular dystrophy (Ronzoni, Berg, and Landau, 1960; Cooperand Miller, 1962; SchapiraandDreyfus, 1963; Di Mauro, Angelini, and Catani, 1967) , and neurogenic atrophy (Di Mauro et al., 1967) . Finally, although in each assay the mean muscle AM levels of heterozygotes and non-weak controls differed significantly, the highest heterozygote AM values were only slightly lower than the lowest non-weak control values. Therefore, while muscle AM assay can be considered to be useful in carrier detection, the heterozygous state should be excluded with caution when enzyme values in the lower range of non-weak control values are encountered.
